Abstract. The influence of ectomycorrhizae on drought acclimation was studied in an open-pollinated family of loblolly pine (Pinus taeda L.). Seedlings inoculated with Pisolithus tinctorius (Pers.) Coker and Couch (Pt) maintained a higher shoot relative growth rate under high and low soil moisture regimes. However, fascicle area, shoot and root mass, and fascicle nutrient elemental content were similar for seedlings inoculated with Pt and noninoculated seedlings. Seedlings under low soil moisture were drought-acclimated by five 11-day drought cycles. During peak water deficit (cycle 6), drought-acclimated, Pt-inoculated seedlings had the lowest predawn fascicle water potential ( ψ ψ pd), conserved water with lowest bulk fascicle diffusive conductance (g), and maintained low g and transpiration (E) during recovery (cycle 6). Enhanced drought acclimation of Pt-inoculated seedlings was independent of plant size and fascicle nutrient content.
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Ectomycorrhizal colonization tends to increase plant size (Reid et al., 1983; Sands and Theodorou, 1978) and improve plant nutrition (South et al., 1988) ; it also has been used to explain growth and drought responses of ectomycorrhizal pine seedlings. Therefore, the objective of this research was to study the influence of inoculation with Pisolithus tinctorius (Pt) on drought acclimation of seedlings of loblolly pine of comparable size and nutritional status. Grace/Sierra, Fogelsville, Pa.) once weekly at 200 mg N/liter. Between fertilizations, seedlings were watered as needed with distilled water. After 28 weeks, seedlings were transplanted into l-liter Marx X Rootrainers (Spencer Lemaire, Edmonton, Alberta, Canada) and grown for 6 weeks before drought acclimation regimes were applied. At transplanting, containers were band-inoculated with 50 ml [1:20 (v/v) ] of vegetative mycelium of Pt. Noninoculated seedlings received 50 ml of autoclaved inoculum to equalize the background microflora in all treatments. Three weeks after transplanting and upon initiation of drought acclimation regimes, seedling height (H) and root collar diameter (D) were recorded for determination of estimated shoot relative growth rate. Two soil moisture regimes were established based on predawn water potential ( Ψ pd) of fascicles from seedlings from each water regime x Pt inoculation treatment: 1) highsoil-moisture seedlings were watered daily to container capacity, maintaining a Ψ pd of -0.5 ± 0.1 MPa, as measured with a pressure chamber (Soilmoisture Equipment Corp., Santa Barbara, Calif.) according to Scholander et al. (1965) , with precautions taken to avoid resin errors, and 2) low-soil-moisture seedlings were drought acclimated over five cycles lasting 11 days each, after which seedlings were rehydrated to container capacity and a new cycle begun when ψ pd of four sampled seedlings within all treatments averaged -1.7 ± 0.2 MPa. Drought-acclimated ± Pt-inoculated seedlings were ex-posed to a peak water deficit (last day of cycle 6) and an 18-h recovery period; comparisons were made with high-soil-moisture seedlings that never experienced drought.
On the first day of cycle 6, the most recently expanded fascicles from six seedlings for each Pt treatment were sampled for analysis of percent P, K, Ca, Mg, Na, and (in µg·g On the last day of the sixth drought cycle (peak water deficit) and on the following day during recovery (18 h after rewatering pots to container capacity), the following features were measured: midday bulk fascicle conductance (g), transpiration (E), Ψ pd, midday fascicle water potential ( Ψ md), osmotic potential ( ψπ ), and turgor pressure (ψπ). All measurements were made twice on most recently expanded intact fascicles (at least 12 cm long) of four seedlings from each water regime x Pt inoculation combination. A LI-COR 1600 steady state porometer was used to measure g and E, and the location on the fascicle was marked for repeated measurements. Measured g and E values were corrected for surface area (Svenson and Davies, 1991) .
On the same seedlings used for ψ pd measurements, ψ md was measured, and then the fascicles were placed in air-tight vials and frozen in liquid nitrogen for later measurement of ψπ on frozen-thawed tissue using a Wescor C-52 chamber in conjunction with a Wescor HR33T dewpoint hygrometer (Wescor, Logan, Utah) according to Turner (1981) . Calculation of ψρ was the difference between ψ md and ψπ.
Environmental conditions during measurements on the day of peak stress were: ambient air, 28. (Hatchell et al., 1985) . Seedlings were harvested; foliar, shoot, root, and total plant dry mass were recorded; and shoot : root ratios were calculated. Total fascicle surface area (TSA) was estimated using dry-mass regression methods (Ohmart and Thomas, 1986) , and fascicle area ratio (LAR) (cm 2 ·g -l shoot mass) was calculated. The percentage of lateral roots colonized by Pt or by other ectomycorrhizal fungi was estimated visually (Ruehle and Wells, 1984) .
Water relations indicators and nutritional data were analyzed using a water regime × Pt inoculation factorial treatment arrangement in a completely randomized design, using four replications and two nested subsamples. Harvest data were similarly analyzed using 12 replications. Above data were analyzed with SAS General Linear Models using Type III sums of squares (SAS Institute, Cary, N.C.). Colonization data were tested using analysis of variance after an arcsin transformation of the data (Little and Hills, 1978) . Seedlings inoculated with Pt were shorter and thinner than noninoculated seedlings 3 weeks before initiation of water regimes, but all seedlings had similar H and D upon initiation of water regimes (data not shown). Pt-inoculated seedlings were most likely growing at a faster rate for H and D to be similar among treatments upon initiation of water regimes. Temporary growth reductions following mycorrhizal colonization have Table 3 . Comparison of predawn fascicle water potential ( ψ pd) and midday fascicle water potential ( ψ md), osmotic potential (ψπ), turgor pressure (ψρ), conductance (g), and transpiration (E) at peak water deficit and after recovery of seedlings of loblolly pine as influenced by water deficits and Pisolithus tinctorius (Pt) inoculation. Means and standard errors, n = 8.
been previously reported (Smith and Gianinazzi-Pearson, 1988 ). Drought acclimation reduced seedling H, D, SRGR, and root, shoot, and total plant dry weights (Table 1) . Shoot : root ratios, LAR, and fascicle surface area (FSA) were not significantly influenced by water regime. Pt-inoculated seedlings had a higher SRGR than noninoculated plants within high and low soil moisture regimes, although size and surface area characteristics were similar (Table 1). The difference in SRGR was not related to plant size but to the faster growth rates of Pt-inoculated seedlings before initiation of drought acclimation treatments. Our treatments were conducted during a growth period in which ± Pt-inoculated plants were of equal size, which was an objective of this research. There were no significant differences between Pt-inoculated and noninoculated seedlings for the tissue concentrations of any of the minerals checked (data not shown).
Inoculation with Pt increased overall colonization of lateral roots (Table 2) . Some natural colonization by Pt and other ectomycorrhizae occurred on noninoculated seedlings. Natural colonization of loblolly pine occurs when seedlings are outplanted (Marx et al., 1985; South et al., 1988) , and its prevention is naturally anomalous. Plant responses to low levels of Pt colonization and small differences in the percentage of Pt colonization have been reported (Dixon et al., 1981) . Water regime did not influence colonization (Table 2) .
Response of ψ pd, ψπ , g, and E to Pt inoculation differed for the high and low soil moisture regimes (Table 3) , even though inoculation did not significantly increase Pt colonization (Table 2 ). Responses to Pt inoculation may have been induced by 1) the nonsignificant increase in Pt colonization, 2) the increase in total ectomycorrhizal development, or 3) the host-plant response to an interaction between Pt and other colonizing ectomycorrhizal fungi and associated microflora. The first and third explanations may 1408 be more appropriate since responses to increasing total ectomycorrhizal development are characteristically associated with increasing P nutrition (South et al., 1988) , which did not occur in our experiment.
At peak water deficit (last day of cycle 6), seedlings in the low soil moisture regime had reduced ψ pd, ψ md, ψπ, ψ p, g, and E compared to the nonstressed plants in the high soil moisture regime, regardless of Pt inoculation (Table 3) . A similar response continued 18 h after all plants were irrigated, indicating that acclimation to drought had occurred. Bongarten and Teskey (1986) noted a similar drought-induced acclimation of g but did not determine ectomycorrhizal colonization.
High-soil-moisture plants inoculated with Pt tended to have lower ψ p and higher g and E than noninoculated seedlings (Table 3) . During peak water deficit, those drought acclimated and inoculated with Pt had lower ψ pd and g than noninoculated seedlings, and during recovery g and E remained lower. Using ψ pd as an indicator of container-soil bulk water potential (Rudich et al., 1981) , Pt-inoculated seedlings experienced a greater peak soil water deficit than noninoculated seedlings (Table 3) , which may explain their greater acclimation (i.e., reduced g). In contrast, plants inoculated with Pt and held moist were not conserving water, as indicated by higher g and E compared to noninoculated plants. During nondrought conditions, ectomycorrhizal Douglas fir [Pseudotsuga menziesii (Mirb.) France] seedlings characteristically have higher g than noninoculated plants (Parke et al., 1983) . Hence, when water becomes limiting in a containerized system, the higher g of nonacclimated ectomycorrhizal plants of Douglas fir resulted in dessication and lower ψ pd and reduced g, as with Pt-inoculated seedlings of loblolly pine in our experiment.
Decreased g after acclimation of Pt-inoculated seedlings would theoretically slow consumption of available container water. Hyphal and rhizomorph growth may enhance water absorption when water is easily available (Sands and Theodorou, 1978) . The lower ψ pd of acclimated Pt-inoculated seedlings observed at peak stress in our experiment (Table 3) suggested that increasing ectomycorrhizal development may limit total available water in containerized systems.
Decreased g in Pt-inoculated seedlings may be at the expense of photosynthetic rates, as shown by the linear relationship between photosynthesis and g in loblolly pine (Teskey et al., 1986) . In contrast, Seiler and Johnson (1988) found that photosynthesis was maintained at lower rates of g in droughtacclimated loblolly pine, increasing wateruse efficiency (they did not determine ectomycorrhizae or Pt influence). SRGR was higher in acclimated Pt-inoculated seedlings of loblolly pine during water deficits ( Table  l) , suggesting that reduced g in Pt-inoculated seedlings was not limiting photosynthesis or growth. The combination of higher SRGR and lower g suggests that Pt-inoculated seedlings were more acclimiated to drought. The higher SRGR of Pt-inoculated seedlings during periods when water availability is reduced may explain the greater survival and growth of outplanted Pt-inoculated seedlings on optimal growing sites (Marx et al., 1988) .
Physiological responses of ectomycorrhizal conifer seedlings to drought have been confounded by larger evaporative surface and plant size differences (Parke et al., 1983; Sands and Theodorou, 1978) and/or higher P in tissue of inoculated vs. noninoculated plants (Reid et al., 1983; South et al., 1988) . Our study demonstrated that enhanced drought acclimation of loblolly pine seedlings by Pt inoculation was independent of plant size and foliar nutrient concentration.
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